In the presence of DL-alanine intracellular cyclic AMP in nonproliferating cells of Brevibacterium liquefaciens increased rapidly to the maximum level of approximately 180 uM, and extracellular cyclic AMP increased to 100 IAM within 4 hr at 25°. Adenylate cyclase (EC 4.6.1.1) induction was not observed during this incubation. The (Fig. 1A) . In the presence of DL-alanine alone the 4598 Abbreviation: cyclic AMP, cyclic adenosine 3' :5'-monophosphate.
Thus, adenylate cyclase in this bacterium appeared to be regulated in vivo by pyruvate which was formed, in this case, predominantly from D-alanine through the action of D-aminoacid oxidase (EC 1.4.3.3) . Pyruvate, added extracellularly, also caused a rapid accumulation of intracellular cyclic AMP. Glucose did not change the level of cyclic AMP significantly. It also did not affect the intracellular accumulation of cyclic AMP with DL-alanine.
In 1963 Okabayashi et al. (1) reported the occurrence of cyclic AMP in the culture broth of Brevibacterium liquefaciens, a Gram-positive bacterium. They found that the bacterium accumulated as high as 3 mM of this nucleotide when cultured in the presence of glucose and D-alanine (2) (3) (4) . It was suggested that the level of cyclic AMP might be affected by the composition of the culture media, but the mechanism of regulation of adenylate cyclase has not been studied further.
Adenylate cyclase (EC 4.6.1.1) from B. liquefaciens was partially purified by Hirata and Hayaishi (5), and later purified to a crystalline form by Takai et al. (6) At time intervals aliquots were withdrawn and intracellular (A) and extracellular (B) concentrations of cyclic AMP were determined as described under Materials and Methods. For the concentration of intracellular cyclic AMP, 1 g of the wet packed cells is assumed to be 1 ml. The cell growth during incubation was negligible. intracellular concentration of cyclic AMP increased in the same manner to the maximum level of 170 ,M. The effect of glucose was very small. With glucose alone, the level of cyclic AMP increased only slightly.
The extracellular concentration of cyclic AMP increased with time and the concentration after 4 hr was 100 1AM in the presence of DL-alanine and glucose (Fig. 1B) . With D-alanine alone the increase of extracellular cyclic AMP was similar but the level was slightly lower. Glucose alone did not affect the extracellular level of cyclic AMP significantly. These results might be simply explained either by the elevated concentration of some activator of adenylate cyclase or by the induction of the enzyme, caused by the presence of DL-alanine. A high concentration (0.2 M) of either DL-, D-, or L-alanine activates this bacterial adenylate cyclase in vitro about 2-fold and 20-fold, at pH 7.3 and pH 9.0, respectively, but, taking account of the fact that the pH of the suspension remained constant around 7 in the present case, the direct activation of adenylate cyclase by alanine is not sufficient to explain the rapid accumulation of cyclic AMP. When the cell suspension was assayed for pyruvate, a potent activator of the adenylate cyclase of B. liquefaciens, a large quantity of pyruvate was shown to be formed in the presence of D-alanine or D-alanine and glucose (Fig. 2) . The pyruvate concentration in the total culture reached 10-15 mM after 2 hr and nearly 20 mM after 4 hr. There was not a big difference between intra-and extracellular concentrations. No detectable amount of pyruvate was formed when B. liquefaciens was incubated with glucose alone.
To investigate the possibility of induction of enzyme, we assayed the amount of adenylate cyclase as a function of time of incubation. An aliquot of the cell suspension was withdrawn, lysed by lysozyme, and assayed for the full activity of the enzyme in the presence of pyruvate. During 4 hr of incubation the total activity of the enzyme did not change greatly in the presence of D-alanine, glucose, or a combination of both in the incubation media (Fig. 3) and glucose together the enzyme activity increased slightly, but it was not enough to explan the remarkable increase of cyclic AMP.
The concentration of ATP in the total culture was investigated during the incubation by means of luciferase (9) . It was found to be about 8 ,gM and did not change significantly during the incubation.
To determine which of the optical isomers of alanine is responsible for these phenomena, we investigated the effect of DI-, D-, or L-alanine on the accumulation of cyclic AMP and pyruvate. Cyclic AMP was most effectively accumulated in the total culture with D-alanine; D-alanine increased the formation to a slightly lesser but comparable extent. ialanine appeared to be much less effective in the formation of cyclic AMP (Fig. 4A) . The effect of these additions on the formation of pyruvate in the total culture was similar to the effect on cyclic AMP formation (Fig. 413) . D-alanine was the most effective and D-alanine was more effective than Lalanine.
The formation of pyruvate from alanine was investigated in vitro employing a cell lysate prepared with lysozyme. As shown in Fig. 5 (Fig. 6A) , while the level of extracellular cyclic AMIP increased only slightly to 6,MM (Fig. 6B) . Pyruvate added in the culture was metabolized by B. liquefaciens, and the remaining concentra- At intervals aliquots were processed and assayed for cyclic AMP as described under Materials and Methods. tion after 2 hr was 3 mM. The total activity of adenylate cyclase was unchanged, and the cell growth was negligible. 
DISCUSSION

